Introduction
An injury to spinal cord often results into a severe neurological deficit. The spinal cord is either completely disrupted or at times there is contusion, compression or penetration of the spinal cord which can lead into necrosis, axonal loss, glial scarring, etc [1] . The demyelination of axons may lead to a permanent loss of sensorimotor functions [2] . The recovery after spinal cord injury (SCI) is restricted as intrinsic neurogenesis and replacement of disrupted myelin rarely occurs in the CNS. Hence, the spontaneous reestablishment of neural connectivity is difficult [3] . The scar also consists of axonal growth inhibitors which further limits the repair process [4] .
There is no treatment strategy available which can restore the injured spinal cord. Cellular transplantation is one of the promising options currently being explored to reverse the damage. Preclinical studies have suggested that a variety of cells such as bone marrow cells, [5] olfactory ensheathing cells, [6] Schwann cells, [7] macrophages, [8] and neural progenitor cells [9] encourage functional recovery in SCI patients.
To study the benefits of cell transplantation, fifty six patients of chronic cervical SCI were administered autologous bone marrow mononuclear cells (BMMNCs), intrathecally. MNCs from the bone marrow cells are easily obtainable and have no ethical issues unlike other cells. Invitro studies have shown that these cells have an ability to differentiate into neurons, microglial cells, astrocytes, oligodendrocytes, etc [10] . They can also carry out the repair process via various paracrine activities. They promote functional recovery by inhibiting neuronal apoptosis, suppressing the inflammatory responses, enhancing neuronal and axonal regeneration and remyelination [11] . A comparison between the outcome of the intervention in the chronic cervical SCI and previously published data of chronic thoracolumbar SCI was also performed.
Material and Method

Study design
A retrospective analysis was carried out on a non-randomized sample of cervical spinal cord injury patients who underwent intrathecal transplantation of autologous bone marrow mononuclear cells. The protocol of the study was approved by The Institutional Committee for Stem Cell Research and Therapy (IC-SCRT) in accordance to the Indian Council of Medical Research (ICMR) guidelines. 56 cases of cervical SCI were included in the study.
Patient selection
Patients were selected based on the World Medical Association Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects [12] . The inclusion criteria were diagnosed cases of chronic cervical SCI on MRI or CT scan. The exclusion criteria were presence of respiratory distress, presence of acute infections such as HIV/HBV/HCV, malignancies and other acute medical conditions such as respiratory infection, fever, serum creatinine more than 2, hemoglobin less than 8 and pregnancy or breastfeeding. The
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Pre-intervention assessment
Before the intervention, every patient underwent a complete evaluation consisting of neurological examination, psychological examination, Manual Muscle Testing (MMT), evaluation on scales such as Functional Independence Measure (FIM) and American Spinal Injury Association scale (ASIA). They underwent routine serological, biochemical and hematological tests for medical fitness. MRI cervical spine with diffusion tensor imaging, EMG/NCV and SSEP were also performed. Mean follow up period was 2 years ± 1 month (3 months to 4 years).
Isolation of BMMNCs
48 hours and 24 hours prior to the intervention, all the patients were administered with Granulocyte-colony stimulating factor (G-CSF) injections to mobilize the cells and enhance their numbers [13] . Bone marrow aspiration procedure was carried out under local anesthesia with or without sedation depending on the individual case. Approximately 100 ml bone marrow was aspirated from the anterior superior iliac crest bone using a bone marrow aspiration needle and was collected in heparinized tubes. Mononuclear cells (MNCs) were obtained by density gradient separation. The isolated MNCs were checked for viability manually as well as confirmed on TALI machine using propidium iodide. The MNCs were checked for CD34 + by Fluorescence Activated Cell Sorting (FACS) using CD34 PE antibody.
Administration of BMMNCs
The separated MNCs (body weight×10 6 ) were injected immediately after separation. These cells were administered intrathecally in L4-L5 using an 18G Touhy needle and catheter. The patient was administered intravenous methylprednisolone (200 mg/kg body weight) in 500 ml Ringer Lactate over one hour during the administration of the cells, to avoid immediate local reaction to the administered cells.
Neurorehabilitation
After the cell transplantation, every patient underwent a neurorehabilitation program. A personalized exercise protocol consisting of physiotherapy, occupational therapy and psychological therapy was planned. Urorehabilitation, sexual rehabilitation and bedsore management was also included.
Outcome measures
All patients included were followed-up at three months and six months post intervention and once yearly thereafter. A comprehensive neurological evaluation was carried out for every patient to note any symptomatic changes. They were reevaluated on FIM and ASIA scale to assess improvement in Quality of Life and motor and sensory recovery respectively.
Statistical Analysis
A percentage analysis was carried out for every symptom. McNemar's test was used to establish significance of the association between symptomatic changes and the intervention. FIM was analysed statistically using the Wilcoxan Signed Rank test.
Results
56 patients of cervical spinal cord injury were included in this study patients improvement was seen in 92.31% in trunk stability, 87.5% in sitting balance, 77.78% in trunk muscle strength, 52% in upper limb strength, 48.21% in standing balance, 21.57% in sensation, 20.59% in bladder sensation, 18.37% in spasticity and 14.29% in walking balance. All the patients who suffered from postural hypotension showed an McNemars test, a significant association was established between the On ASIA scale, two patients showed a change from level B to C and one from level A to B and one from C to D. On FIM scale, 24 out of improvement (Graph 1). On statistically analyzing this data using improvement in the symptom and the intervention (Table 2 ).
( Table 1) . On a mean follow up of 2 years ± 1 month, out of the affected 56 patients showed an increase in the score. On performing Wilcoxon Signed Ranks Test, Z value was -4.308 and the two-tailed p value was ≤ 0.0001 indicating significant functional improvement after the intervention. A detailed analysis of the functional improvement based on various factors such as gender, age, type of injury, cause of trauma, chronicity and rehabilitation taken prior to the intervention was also
Adverse events
No major side effects were recorded in the duration of follow up. Minor procedure related side effects such as headache, nausea, vomiting, and backache were observed in a few cases which were
Discussion
The underlying pathophysiology of spinal cord injury majorly includes a primary mechanical insult followed by a secondary cascade which includes ischemia, free radical formation, death of oligodendrocytes, release of myelin associated inhibitory molecules, glial scar formation, etc which may inhibit the regeneration of axons [14] . Further, leading to a deficit in neural conduction [15] . The management for SCI should not only aim at cell proliferation and its survival but should also encourage axonal growth, remyelination and synaptogenesis and angiogenesis [16] .
Cell transplantation has gained a remarkable focus as a treatment strategy for spinal cord injury. To study its effect on chronic cervical spinal cord injury, we administered 56 patients with autologous bone marrow mononuclear cells (BMMNCs), intrathecally. Bone marrow cells can differentiate into neuronal and myelin producing cells. They guide axonal regeneration by producing extracellular matrix and also promote activation of endogenous stem cells which restructures the neural network [17, 18] . For this study we chose BMMNCs, as the isolation of these cells is relatively easy and avoids any immunological rejection or ethical issues. BMMNC is a mixture of mesenchymal stem cells, hematopoietic stem cells, macrophages, lymphocytes, endothelial progenitor cells, etc. [19] . Mesenchymal stem cells and hematopoietic cells induce a neuroprotective effect. They excrete cytokines such as thrombopoietin and interleukin 11 which help the survival and differentiation of neuronal progenitor cells [20] . Activated macrophages improve the axonal regeneration by removing the myelin debris from the site of injury [21] . Few studies have also confirmed that use of whole BMMNCs is more successful than sub fractionated cell preparations [22] .
As an alternative to the direct injection into the parenchyma of the injured spinal cord, we delivered the cells intrathecally. Although, direct injection guarantees the delivery of cells to the site of injury, it involves a major surgical procedure with risk of secondary neurological damage along with other complications [23] . Intravenous (IV) delivery of cells may be safe but studies have shown that majority of cells get trapped in organs other than the target organ. They are also more susceptible to the host immune system [24] . Intrathecal mode of injection eliminates the risk of direct injection and decreased engraftment efficiency of IV injection. When magnetically labelled CD34 + cells were injected intrathecally in SCI patients, it was found that these cells were well tolerated and migrate efficiently to the site of injury [25] .
All the patients included in the study underwent rehabilitation after cell transplantation as a part of the protocol. In animal studies, combining rehabilitation with cell transplantation has resulted in positive functional outcome [26] . controlled with medications (Table 4) .
performed (Table 3) .
On a mean follow up of 2 years ± 1 month, no adverse events related to the intervention were recorded. On statistically analyzing the data, it was evident that cell therapy promotes functional recovery in cervical SCI. A significant change was also recorded in the FIM score after the intervention. We observed a significant improvement in the upper limb functions which might have enhanced the capacity of the affected individual to perform his daily activities like bathing, brushing, dressing etc which may have reflected as a change in FIM score. Improvement in bladder sensation and control was also recorded. Few patients changed to self intermittent catheterization from indwelling catheter and condom catheter. 7 patients showed improved healing of pressure sores. Improved ambulation (14.28%), transfers (12.5%) and bed mobility (12.5%) could have accelerated the healing of these pressure sores. This suggests that cell transplantation in combination with rehabilitation may prevent secondary complications of SCI along with improving the quality of life of these patients and making them independent in activities of daily living. These improvements have enabled some patients to acquire vocational training and occupation.
The functional outcome based on age, type of injury, cause of trauma, chronicity and rehabilitation was also analyzed in detail. All the patients (100%) below the age of 18 years showed improvement in FIM score. Whereas 41% and 42% patients in the group of 18-35 years and more than 35 years respectively showed improvement. Younger patients respond better to cell transplantation as compared to adults as they have faster rate of recovery [27] , which could be due to more availability and potency of stem cells and greater neuroplasticity. Improvement was observed in FIM irrespective of cause of injury. Based on the chronicity of injury, more number of patients in 1-3 years group showed functional improvement. This may suggest that early intervention is beneficial since increase in chronicity may lead to scar formation that makes repair difficult. 55.55% of the 18 patients who did not undergo rehabilitation showed improvement. And 6.84% of the 38 patients who had undergone rehabilitation before the intervention, also showed increase in FIM score. This indicates that along with rehabilitation cell transplantation also played an important role in functional outcome.
On comparing the results of the current study on cervical SCI patients with our previously published data on thoracolumbar SCI [28] , we found that the effect of cell transplantation was better in the thoracolumbar SCI group. Hence, the neurological and functional outcome also depends on the level of injury along with other factors of SCI. But nevertheless, cell transplantation definitely improves the quality of life of the patients with injury at the cervical level.
The study design was non-randomized, uncontrolled and open labeled, which was one of the limitations. Though there is a lack of control group, the patients may serve as their own control due to chronic nature of SCI (mean duration of injury was 5 years 4 months) and thus presumed to have reached a plateau stage. A multicenter, randomized controlled trial needs to be conducted to appropriately study the efficacy of cell transplantation. Also, there were no markers used to track the migration and fate of the injected cells. The improvements among all the patients may vary due to varied compliance of every patient to rehabilitation.
Based on our results, we conclude that autologous BMMNCs in combination with rehabilitation promote functional recovery in chronic cervical SCI patients. It has a potential to enhance the functional independence in daily activities and thereby improve the quality of life of these patients. However, large multicenter, controlled studies are required to ascertain the efficacy of cell transplantation in chronic cervical SCI. Various other cell types, routes of cell transplantation, window period of administration and adequate number of doses need to be determined to achieve maximum benefits.
